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INTRODUCTION 
The experimental technique for the measurement of thermal 
diffusivity using the mirage effect, or optical probe beam detection 
of thermal waves in opaque solids has been described elsewhere. [1-3] 
This is carried out by scanning the probe beam relative to the heating 
beam with a constant height, h. The separation, xo ' of the two points 
on either side of the center of such a scan where the phase of the 
transverse deflection signal reaches ninety degrees effectively 
measures the thermal wavelength, A = 2(1Ta / f) 1/2 in the solid. The 
determination of the thermal diffusivity, a , is accomplished by 
plotting this separat ion versus the inverse square root of the 
frequency. It has been shown theoretically [4,5] that the ratios of 
the slopes of such plots correspond, in the low frequency limit, to 
the ratios of the actual diffusivities of the solid. The numerical 
constant which relates the thermal diffusivity to the slope depends on 
the value of h. The previous measurements [1-3] of a, carried out 
using the "skimming" optical probe beam technique (see Fig. 1), were 
found to be in reasonable agreement with nominal values calculated 
from handbook data, provided that the slopes of the plots were set 
equal (llPuristically) to (1.0 1Ta )1/2. Care fuI examination of the 
theory [5], however, shows that when h is negligibly small compared to 
the other characteristic lengths in the experiment, the slope should 
be (1.4 1Ta )1/2. In this paper we present the results of 
re Oec t ion-rnirage measurements on a number of these same samples. In 
this technique (see Fig'. 2) the probe beam is incident at an angle of 
a few degrees from the sample surface and reflects from the surface 
into the position sensor. Utilization of this reflection 
experimentally provides a much smaller value of h than can be achieved 
by"skimming". To assess the contribution to the deflection of the 
bean from the thermally induced surface curvature we have made 
measurements on the same specimen at both atmospheric pressure and at 
greatly reduced pressure. In Fig. 3 we show the comparison between 
theory and experiment for the dependence of the mirage phase signal on 
the heating-probe beam separat ion at the two pressures. The same 
parameters were assumed, except for the diffusivity of the gas at low 
pressure, which was calculated from that at atmospheric pressure using 
the pressure ratio. It can be seen from Fig. 3 that good agreement 15 
obtained at both pressures, indicating that the effect of the 
curvature of the surface is small in these experiments. 
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Schematic diagram of "skimming" optical beam technique. 
Schematic diagram of "bouncing" optical beam technique. 
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Comparison between theory and experiment for the dependence 
of the mirage phase signal on the heating-probe beam 
separat ion at the two pressures. 
EXPERIMENTAL RESULTS 
In Figs. 4 and 5, we present plots of the parameter Xo as a 
function of f-1 / 2 for several pure single crystal elements, obtained 
from reflection mirage measurements on these samples. In Fig. 6 our 
measured diffusivities for pure elements at room temperature are 
compared with nominal values as calculated from the values of thermal 
conductivity, heat capacity and density giv~n in the Handbook of 
Chemistry and Physics (6), using the relation (1.4 'ITCt)1/2. In 
Table 1 we summarize the diffusivity results for these elements. 
It can be seen from Fig. 6 and Table 1 that this method of 
measuring diffusivities gives reasonable agreement with nominal values 
for most of the samples studied, over a wide range of diffusivity 
(1.29 cm2 /s to 0.045 cm2 /s). It is expected that the agreement will 
improve with the use of the full set of experimental data (rather than 
just xo) in a least-squares fit to the theory. 
CONCLUSIONS 
This direct measurement of thermal diffusivity has several 
advantages. It is totally contactless and only involves measurements 
of length and time, each of which can be made with a high degree of 
accuracy. Also, the measurement is inherently local ( 1 rnm) and only 
one surface of the sample needs to be accessible, 50 that measurement 
of non-uniform or small samples can be made. Furthermore, the 
diffusivity can be measured in different orientations on anisotropic 
materials, such as composites (6) by simply rotating the probe beam 
direction. A disadvantage is that the sample surface must be 
reasonably flat, so that the probe beam can skim the surface at a 
small value of h. Furthermore, the detailed dependence of the 
measurement on the beam sizes and probe beam height have not been 
studied. A more detailed theoretical and experimental study of these 
questions is in progress. 
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Table 1. Experimental Values of Thermal Diffusivities 
l1aterial Thermal Diffusivity (cm2 /s) 
Au 
lli 
Cr 
Cu 
Gd 
:-lb 
Pb 
Pt 
Zn 
This work 
1.29 
0.072 
0.290 
1.15 
0.045 
0.219 
0.315 
0.245 
0.479 
Nominal 
1.28 
0.044-0.095 
0.292 
1.16 
0.056-0.059 
0.238 
0.240 
0.250 
0.420 
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